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Use of this measuring device requires a large amount of training 

in the settings to be used in conducting measurements. 

If the pulse velocity switch and gain switch is not set at 

"high", the calibration and data collection for this type of 

measurement are very difficult to obtain. Field experience on 

this project indicates that significant differences can be 

obtained in data from two different meters utilized in the same 

test holes, only minutes apart. 

Field Measured Concrete Strength Relationships 

Maturity Results 
The following items of work were performed during the 

pavement construction by the research team members and 

representatives of the Iowa DOT and Lee County: 

1. Ten flexural beams were cast from a randomly selected 

truckload of concrete on day one of the concrete 

placement for use in development of the maturity curve. 

Since no changes in the mix design or material sources 

were required during the construction, no additional 

such testing of this type was required. The ten test 

beams cast for this test were in addition to the normal 

record requirements currently in place by the Iowa DOT 

and Lee County for internal record purposes. Test beam 

molds and a testing apparatus were obtained the Iowa 

DOT. Due to the loss of the wire connection between the 
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test beam constructed on day one and the recorder, a 

second set of beams was constructed on day three of the 

construction and these flexural beams were used to 

identify the maturity control strengths for the 

construction project. Construction and testing of the 

research flexural beams were accomplished by ISU staff 

using Iowa DOT testing equipment. The test beams were 

stored in a wet sand bed near the project inspection 

trailer and a recording maturity meter was attached to 

one beam and housed in the trailer for to prevent loss 

or damage. Beam breaks were made at times that 

represent 8, 12, 24, and 48 hour curing periods under 

field curing conditions. 

A laboratory test was conducted with the project 

materials at the Iowa DOT Central Laboratory, prior to 

the construction. The test conducted in August of 1995 

indicated that 350 psi (2.41 MPa) could be attained 

with a combination time-temperature value (TTF factor) 

of 700 degree C-hours. 

The results of the project control test are shown in 

Figure 24. The graph indicates that the desired minimum 

strength of 350 psi flexural (2.41 MPa) strength was reached 

in approximately 24-26 hours under the field conditions. 

The project staff was able to use this relationship 

throughout the project for mainline and shoulder opening 

decisions because no changes in materials were introduced 
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monitored through the use of pulse and maturity meter 

measurements for each day's concrete placement by the 

research staff. The Iowa DOT staff assisted in the 

development of the target flexural strength to used for 

pavement opening decisions. Concrete cylinders were cast at 

the plant site while the flexural test specimens were sent 
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to the Southeastern Iowa Transportation Center to determine 

the relationship between the pulse velocity or maturity 

values and compressive strength. The results of the plant 

site flexural strength/maturity relationship was used as a 

guide for evaluation of on site maturity measurements for a 

given section at any given time to advise the construction 

inspection staff of the estimated pavement strength. 

Pavement traffic opening decisions based on this information 

from the research staff were made by the Lee County 

construction staff. 

Temperature measurements used to calculate maturity for· 

opening were obtained from a location near the edge of slab and 

at the following slab depths with a maturity meter: 

I 

\ ... 
a. Top one inch (25 mm) of the pavement 

b. Middepth, 3.5 inches (90 mm) of the pavement 

c. Six inches (150 mm) below the top of slab 

d. Surface of subgrade, 7 inches (175 mm) below the surface 

of slab 

This type of installation was made at the beginning and end of 

the days' placement of concrete. Similar measurements were taken 

with a separate maturity meter: 

a. One.inch (25 mm) below the surface at midpanel location 

and near centerline joint 

b. Middepth 3.5 in. (90 mm) below the slab surface at 

midpanel location and near centerline joint. 

This effort was aimed at determining a single location that 
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would best represent the rate of slab strength gain and relate 

that to locations near the edge of the pavement that are easily 

monitored by field staff. The different depth points were used 

to gather data relative to the temperature gradients throughout 

the depth of the concrete during the development of strength 

gain. The results were aimed at both establishing a time window 

for sawing and a knowledge of the differences in strength of the 

concrete at various depths as it relates to the opening of the 

surface to traffic. 

Hand held temperature measuring devices were used at regular 

intervals of 500 ft. (152.4 m) locations at the edge of the 

pavement and at the 1 in. (25 mm) and 3.5 in. (90 mm) depths in 

the slab. Research team staff monitored these multiple times 

daily as time permitted to establish the rate of strength gain of 

various sections of the pavement. The results of that data were 

used to develop a project wide relationship of maturity and 

estimated flexural strength. The paving of the mainline was 

completed in less than two weeks and the shoulder paving was 

completed in two weeks. The maturity data is available in 

tabular or graphical form for each of the self recording and' 

handheld recording stations utilized on the project. The data 

from each of the maturity test sites was combined to develop a 

mathematical relationship between the flexural strength, time of 

curing and the relative humidity. The results of those 

measurements are illustrated in Figures 25 through 27 for the 

mainline paving and 28 through 29 for the shoulder paving. 
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The relationship (curve shape) between the time of curing 

and the concrete strengths for both the mainline and shoulders is 

as would be expected for most concrete mixes tested thus far for 

the Iowa DOT. The points shown on the graphs for each represent 

the data from all the sites measured by the handheld recording 

devices. Differences in the curve shape would be expected if 

changes in the mix materials were made during the project to 

produce an earlier or later setting mix. If the graphs 

representing the top, middepth and bottom of the mainline slab, 

or top and middepth of the shoulders, are superimposed, the 

impact of the temperature gradient from top to bottom of slab can 

be identified. In this project the temperature differences 

between top and bottom did not have a large impact on the final 

curve. They could have impacted the time of sawing vs time of 

opening if the contractor has chosen to use the early sof tcut 

method of joint development. 

The statistical equation for each of these lines is 

available, but only applicable to these project mix and site 

conditions. The R-squared values for each of the mainline and 

shoulder equations exceeded 0.98 when the data was fit with a 

natural log function equation. Data points that exhibited zeros 

or incomplete data in terms of temperature and humidity were not 

included in the analysis. 

Relative humidity was also correlated to the strength and 

cure time relationship in the same manner for both the mainline 

and shoulder data. A natural log function equation was developed 
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for the top, middepth and bottom of the mainline and top and 

• middepth of the shoulder pavement. The R-squared values of 0.03 

for the mainline and 0.04 for the shoulders indicated that the 

relationship was almost nonexistent. The graphs indicated the 

large amount of scatter and the difficulty encountered in 

attempting to find a relationship. This type of data may be very 

helpful in understanding the reasons for premature or shrinkage 

cracking in some pavements, but does not apply well to maturity 

measurements. 

Individual graphs of the relationships are available upon 

request and are stored with the project files. 

Pulse Velocity Results 
This project was designed to identify the difference in the 

J _- pulse velocities measured transversely between the edge of the I. 

r-

slab and a point 1 ft. (305 mm) across the slab; between 1 ft. 

(305 mm) and 2 ft. (610 mm) from the edge of slab; and 

longitudinally in holes 1 ft. (305 mm) from the edge of the slab 

and 1 ft. (305 mm) apart. The Pulse velocity measurements were 

designed to be obtained near the maturity measuring device 

locations at the edge of the pavement. Pulse velocity was to be 

measured in a longitudinal direction at locations near the 

beginning (near the first maturity location) of the day's 

placement and at locations of approximately 500-ft. (152.4 m) 

intervals during the day's placement (excluding the end of day 

maturity location) . The first location each day was designed to 

include a third well placed at right angles to one of those in 
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the longitudinal direction. Measurements were made in both 

transverse and longitudinal directions at this site to determine 

the effect of testing location relative to the edge of slab. 

Several problems were encountered in the use of the pulse 

velocity equipment. They can be summarized as follows: 

1. The equipment developed to install the metal tubing for 

shaping the test wells in the plastic concrete required 

the use of electrical power. The work had to be 

accomplished after the pavement texturing and curing was 

completed behind the paver. This meant that a portable 

generator had to be moved by hand between sites or 

carried on some type of contractor wheel mounted bridge. 

The lack of shoulder space prevented the use of vehicles 

for rapid movement of this test equipment. A contractor 

work bridge was used the first day with some success. 

The paving speed of over 1 mile per day (1.609 km/day) 

made movement of this test equipment difficult at best. 

2. The test well side wall must be smooth to provide for 

complete contact with the geophone sensors. This was 

accomplished with the use of the rectangular metal 

tubing inserts to form the hole. Thee tubing inserts 

must be well greased or oiled prior to insertion to 

allow for ease of removal and retainage of the smooth 

wall surface. 

3. The test well holes must be protected from loss of 

moisture in the sidewalls to properly represent a valid 
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test of the concrete strength. This was met to a large 

degree by the insertion of styrofoam blocks in the test 

wells for the periods of time between the tests. 

4. Pulse velocity measurements were not consistent between 

holes at a given site and between consecutive times of 

measurement. We learned that they are difficult for 

inspection people to understand in terms of electrical 

control, calibration and achievement of a solid contact 

on the test well wall. Even with the use of grease on 

the surface of the geophone prior to testing, errors of 

large magnitudes were easy to obtain. Changes in 

temperature, moisture content ~nd contact between the 

test well wall and the geophone can greatly effect the 

answer in terms of estimated pavement strength. 

The overall problems in manpower requirements for 

development of the test wells and movement of the equipment; 

coupled with the difficulties in obtaining consistent information 

caused the research team to discard this test method after the 

first day of mainline paving. 

! 
Air Temperature and Humidity Relationships 
This portion of the research was aimed at monitoring the air 

1, I temperatures and relative humidity using selected thermometers 

I and insert devices to examine the relationships between these 

variables and their impact on the rate of pavement strength gain. 

The devices were also evaluated as to the effectiveness of their 

use by field staff. This monitoring was done by ISU Staff at 
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each of the pavement test locations where the hand held 

temperature measuring devices were used. 

It was the· intent of the research staff to record air 

temperature at the initiation of joint sawing vs concrete 

placement time and maturity values to determine the effect of 

that timing and development of any visual distresses. On this 

project the contractor chose to retain the conventional sawing 

plans and saw in the evenings when the construction was not under 

way. This type of operation did not provide the type of early 

opening information that the research team desired and therefore 

was not recorded. 

Visual Distress Survey Results 
Visual walking distress surveys were conducted on three 

separate occasions on this project. The project was first 

surveyed on November 10, 1995. This consisted of a partial 

survey conducted by the principal investigator walking from north 

to south on the noith portion (Station 321+75 to Station 353+40) 

of the project. The survey was halted due to rain and mud from 

. construction equipment on the slab obscuring the surf ace 

condition. The principal investigator also conducted a second 

survey on April 6, 1996. This consisted of a complete survey 

conducted from north to south of the project length. Greg 

Mulder, Lisa McDaniel and the principal investigator conducted 

the third survey on April 5, 1997. 

The surveys identified three major types of cracking: 
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1. Longitudinal cracking in the mainline panels at the 

outer wheel path and midpanel location. 

2. Corner cracks in mainline panels 

3. Diagonal cracking in mainline panels 

4. Transverse cracking in the shoulder units associated 

with the joint construction. 

Each of the individual distresses can be explained to some 

degree due to the dates of formation, type of distress, location 

and the construction practices employed on the project. 

1. Transverse cracking. This distress has been noted only 

in the concrete shoulder sections at the transverse 

joints. In the southbound shoulder it occurs at some 45 

joints in the areas of stations 92+00 to 93+00, 196+00 

to 197+00, and 318+00 to 368+00. These sections were 

paved on days 18, 17 and 16 consecutively of the paving 

operation. They represent paving of shoulder.s in a 

mainline area paved two weeks prior to the shoulder 

work. Nineteen of the cracks appeared immediately after 

paving and the remaining 24 were observed the following 

spring. Each began at the mainline joint and traveled 

transversely across the shoulder section rather than 

follows the skewed joint across the shoulder. 

The transverse cracks in the northbound shoulder 

follow the same location pattern relative to the sawed 

skewed joint. In this case some 60 shoulder slabs are 

cracked in the areas of stations 49+00 to 157, 206+00 to 
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236+00, and 296+00 to 367+00. These areas were paved on 

days 19 and 26, 22 and 15. Again the data indicates a 

full two weeks between the mainline and shoulder paving. 

The Transverse cracking in the shoulders is 

attributed to three causes by the researcher: 

A. The mainline transverse joints were cracked to the 

point that movement took place from the paving 

operation on the shoulder area near the joint 

construction. Vertical movement in the mainline 

caused undue stress on the shoulder due to the tied 

condition. 

B. Failure to saw the shoulder joint immediately 

behind the paver allowed the stresses to build in 

the joint area due to construction traffic during 

the curing period. Cracking most likely occurred 

prior to t~e sawing of the joint in the shoulder. 

C. Due to the widening of the base within one year of 

the pavement construction and the limited width of 

embankment outside the shoulder areas, the addition 

of the shoulder concrete weight causes extra stress 

on the joint areas.and the ties to the mainline. 

Much of the shoulder cracking could have been averted 

.by formation of the transverse joint immediately behind 

the paver while the concrete is still plastic. 

The mainline pavement exhibited only minor amounts 

of longitudinal, diagonal, and corner cracked slabs. 
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Each of these types of distress was not noted until the 

1997 survey or 1.5 years after construction. The 

cbrner-ciracked slabs were isolated in two slabs located 

in the southbound lane at stations 343+00 to 344+00, 

and 224+00 to 225+00. In the northbound lane one· corner 

crack was found between stations 243+00 and 244+00. 

These cracks are tight and not showing any signs of 

movement. They appear to be the result of nonuniform 

settlement from the widening of the subgrade prior to 

paving. 

The four diagonal cracks all occurred in day seven 

of the paving and are located between stations 30+00 to 

31+00 and 71+00 to 72+00 in the northbound lanes. This 

area is one where the action of the shoulder addition 

on a relatively new and narrow fill area caused undue 

stress on the mainline slab. This type of crack is 

usually the result of nonuniform settlement under the 

slab. This project experienced heavy rains prior to 

paving and in the following spring that created large 

movements of ground water around and under this 

pavement. This could account for some of the isolated 

pavement cracks such as this. 

The longitudinal cracks are primarily located in 

the outside wheelpath areas with a small amount being 

near the. midpanel location. Eighteen such cracked 

slabs were noted in the southbound lane between 
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stations 16+00 to 27+00, 176+00 to 177, and 222+00 to 
,,, 

223+00. Due to their observance at 1.5 years and the 

specific isolated locations being primarily in the 

outer wheelpath, they appear to be the result of shifts 

in the subgrade due to the widening operation. This 

conclusion is borne out to a greater degree in the 

northbound lanes were some 58 cracked panels were 

observed. Forty-nine of those slabs were found in the 

area between stations 0+00 and 74+00. The remaining 

cracked slabs were noted between stations 245+00 to 

246+00 and 290+00 to 292+00. 

This typ.e of cracking could be reduced where 

additional right of way can be purchased. On this 

project there were geographical features that 

prohibited this solution short of major grading work. 

The surf ace distresses noted in the mainline paving do not 

appear to be the· result of any of the research into the use of 

NDT measurements and r~duced strength of concrete at opening to 

traffic. Those in the shoulders do indicate that the joint 

construction timing must be reduced to account for movement in 

the mainline slabs or consider the use of rectangular joints in 

both the mainline and shoulder areas. 

Deflection Survey Results 
Roadrater deflection testing was suggested for approximately 

35 joint and 35 midslab locations in each direction by Iowa DOT 

Materials staff upon completion of the paving in the project 
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proposal. The program was designed to provide joint load 

transfer data at approximately 0.2 mile (0.3 km) increments in 

both directions of travel. Midslab deflection information was 

also gathered in the same manner and at the same interval but 

offset from the joints by 0.005 mile (0.008 km) This data was 

collected on November 8, 1995, immediately after all paving was 

completed. 

Deflection load transfer is defined as the ratio of the 

deflection of the unloaded side of the joint to the deflection on 

the loaded side of the joint. Testing was accomplished by the 

use of the Iowa Roadrater device. Most pavement evaluation 

personnel consider load transfer values of 80% or more to be 

desirable. Values between 50% and 80% indicate potential 

problems that may develop at the joint in the future. In this 

project three values of 72% to 78% were noted at spot locations 

in the northbound lane and one 76% spot location in the 

southbound lane. Each of these value falls in an acceptable 

range for pavements that do not contain positive load transfer 

(dowels) in the transverse joints. They also represent areas 

where construction of the widening in the subgrade may represent 

a difference or inconsistency in the subgrade support across the 

roadway at the test locations. 

The Iowa DOT staff also conducted deflection testing at 

selected midslab locations in each direction. Two estimates can 

be obtained from this analysis. In one case the Iowa DOT 

estimates the "k" value for the subgrade support at the site. 
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The range of values found in this testing was typical for Iowa 

soils in this area (145 to 225 psi in the northbound direction 

and 97 to 225 psi in the southbound direction) and reflects some 

of the inconsistencies in soil support that can be expected with 

the mix of rock and soils found here and the widening/ 

reconstruction areas occurring along the roadway. 

The estimated effective thickness of the pavement can be 

obtained from dividing the deflection under the load by a factor 

of 0.50 as identified by AASHTO as the structural coefficient of 

sound concrete. It is an estimate of the load carrying capacity 

of the pavement. In this case the results indicate .values in 

excess of the design/construct depth of 7 inches (180 mm). This 

is a satisfactory measurement for the time at which it was taken. 

Construction records indicate that the actual constructed depths 
•• 

did exceed the design depth as a result of contractor decision 

and the fact that paving was placed on a granular base area. The 

lack of dowels in the transverse joints may have contributed to 

increased deflection values and increased structural ratings. In 

any case this represents a benefit for the county in the load 

carrying capacity of this pavement. 

Concrete Core Laboratory Testing 
The proposal included obtaining pavement cores from the 

completed slab by the Iowa DOT Materials staff and compression 

testing by the Iowa State University staff to represent 7, 14 and 

28 day compressive strengths for each days construction placement 

of concrete. This portion of the research effort was deleted 

52 



after discussions between the two agency staffs identified no 

major relationship of this work to the objectives of the project. 

The Southeast Iowa Transportation Center Materials staff, 

for the purpose of developing a curve to relate time, 

temperature, strength, and maturity and pulse velocity did 

compression testing. Those results were illustrated earlier in 

this report. 

Equipment Laboratory Testing 
It became evident during the first three days of paving that the 

level of available personnel to gather the researdh data in the 

field was not adequate to meet the needs of the pulse velocity 

and maturity measurements. Adjustments were made as a result of 

the forward paving speed to allow for use of the recording 

maturity meters at the beginning and end of each day. The pulse 

velocity devices were not used for the reasons stated previously. 

The hand held thermometers were used to measure maturity at 5aO-

1,000 foot (152.4-304.8 m) intervals. In making these changes, 

the existing project staff were able to conduct several 

measurements at each location during a given day regardless of 

the distance between successive paving locations on the project. 

The changes also drove the need for the preparation of many 

additional maturity wire leads and the addition of the metal 

plugs on the wire lead end for insertion into the recording 

devices. It was not possible on some days to prepare the wire 

lead connections in a timely manner and thus the wires were 

directly inserted (bare) into the thermometer connections. A 
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test was needed to measure the impact of that decision on the 

accuracy of the data collected. 

In December of 1995, four flexural test beams were 

constructed in the Civil Engineering Structures laboratory at 

ISU. Thermocouple wire leads were installed at locations 3, 6 

and 9 inches (75, _150, and 225 mm) from each end of the beams. 

The first thermocouple on each end was connected with.the aid of 

the two prong connectors to a recording maturity meter. The same 

type of connectors was placed on the second set of lead wires at 

each end of the beams. The third thermocouple at each end of the 

four beams was stripped of insulation for approximately 1 inch 

(25 mm). The· recording devices were used to monitor the maturity 

gain at each end of the beam for some 71 hours. The hand held 

Thermometers were used to measure the temperature in degree 

Celsius at 2-4 hour increments during the daytime hours only. 

These measurements were made by both handheld devices at the 

wires with connectors and those without connectors. The 

measurements from each of the devices and the combinations of 

connector/no connector wires were analyzed for variance. No 

variance was found to be significant between the handheld 

devices, the handheld and recording devices and the use or 

deletion of the connectors from the thermocouple leads. 

NDT Instructional Memorandum 
The development of an instructional memorandum (I.M.) for the 

use of the maturity, pulse velocity or other identified NDT 

methods to determine the rate concrete pavement strength gain was 
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i an objective of this research work. The memorandum was directed 

to identify testing equipment that could be practically deployed 

by highway agency personnel or contractor forces. It was to 

include but not be limited to the use of pulse velocity or 

maturity devices and thermometers of various types. The I.M. 
- I 

I would describe the equipment to be used, materials required, 

.. 
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frequency of testing, and the methods to be employed in the 

laboratory or field to establish the initial relationships and 

the field construction verification information. 

The Iowa DOT staff saw the benefits in the methodology 

during the Lee County research project data collection phase. In 

consultation with the ISU research team, Iowa DOT field staff and 

contractor assistance, I.M.-383 was developed and implemented on 

a limited basis. Data was collected from each of the 

Transportation Centers on a variety of projects and used to 

revise the I.M.-383. 

Based on that I.M.-383 input, the research team sought 

comments from the same field staff on how the next revision of 

the I.M.-383 should be developed. The following comments are the 

result of that survey. They are made in response to IM-383 dated 

May 2, 1997. 

1. The initial maturity curve should be developed at the 

project site using the same materials that are used in 

the paving mix. If at any time during the project any 

of the dry materials, water or additives are changed by 

the contractor or contracting authority, a new or 
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validation curve should be developed from the new mix 

being sent to the pavement construction site. 

2. It is important to develop the maturity curve at the 

·project site to most closely represent the material and 

climatic conditions.at the time and place of 

c6nstruction. This will provide the best relationship 

for the particular site, time of year and material being 

sent to the paving site. 

3. Twelve flexural test beams should be made for the 

development of the maturity curve. This will allow for 

the development of four points with up to three beams 

being tested for each point. 

4. A factor of safety could be built into the maturity 

curve development process with the use of concrete that 

was produced with air content and slump near the upper 

specification limits. 

5. The research team suggests that the use of the random 

truck sample for the original curve development and the 

implementation of the validation curve process. The 

validation test provides a check on changes or 

irregularities in the construction process and provides 

a better form of protection for the contractor and 

contracting authority. 

6. Hot cement may cause more rapid strength gain in the 

field placed concrete. It is suggested that the curve 

be developed from cement that is not exhibiting this 
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trait to represent the average cement being used. The 

result of the hot cement will reduce the time required 

to meet the maturity strength desired. 

7. Consider the use of compressive cylinders vs flexural 

test beams for the curve development. The current 

philosophy of the Iowa DOT and the research team is that 

the mode of pavement failure has been flexural rather 

than compression failures. No change is recommended at 

this time. 

8. Does the wet sand cure of the flexural test beams 

replicate the cure being experienced by the pavement 

under the white-sprayed cure method? The data gathered 

at various locations on this project indicates that the 

relationship of temperatures achieved in both situations 

is similar in magnitude. 

9. The general portion of the I.M. indicates that the 

contractor and the agency shall jointly develop a plan 

for performing the maturity testing. Current general 

specification changes being made in Iowa, provide for 

more control of the process by the contractor and will 

require changes in this language. The contractor should 

be charged with developing the plan and curve. The 

highway agency should only cooperate, assist, review and 

approve or reject the contractor recommended plan. 
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SUMMARY AND CONCLUSIONS 

This research effort was designed to provide Lee County, Iowa DOT 

and other governmental units with information on 

possible NDT ways to monitor the rate of concrete strength gain 

for determination of traffic opehing times under field 

conditions. The research resulted in the following conclusions 

relative the selection of NDT equipment, methods of data 

. collection and use of the data for construction project traffic 

control decisions. 

1. Information DataBase Development 

a. The project provided a large database of maturity 

data for mainline and shoulder construction 

direction. 

b. Data from multiple Iowa Transportation Centers and 

multiple types of paving or repair supplemented the 

development of the Instructional Memorandum. 

c. Project data was limited by the lack of fluctuations 

in temperatures during construction. 

d. Project data did identify the importance of curing 

methods and the rapid gain in concrete flexural 

strength during the first 24-48 hours after 

placement. Supplemental methods of retaining the 

heat in the slab may be required during Spring and 

Fall paving to achieve desired rates of strength 

gain. 

2. NDT Equipment selection: 
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a . Pulse Velocity devices are not recommended for 

measurement of pavement strength gain due to 

equipment/space needs, limitations in field 

measurement operation and operator training 

requirements. 

b. Reco~ding maturity meters should be used for 

research purposes where long periods of recording 

are required or where personnel are scarce. They 

are susceptible to water damage and theft. 

c. Handheld digital thermometers were found to be very 

successful in the monitoring of many maturity sites 

by one person. They can be connected adequately to 

the thermocouple wires with a two-prong connector or 

the insertion of the two bare, clean and dry 

thermocouple wires into the gage connection point. 

3. Maturity Depth and Location Measurements: 

a. Location and depth of the thermocouple wire is 

dependent on the use of the data. The ideal lateral 

location for the wire is at least one foot (310 mm) 

from the edge of the pavement. 

b. Decisions regarding joint sawing timing should be 

based on data from a thermocouple placed within one 

inch (25 mm) of the concrete surface. 

c. Measurements taken at the middepth of the concrete are 

useful in the determination of the average strength of 

the slab and should be used 1n the determination of 
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pavement opening times. 

d. Temperature data taken at variable depths in the 

pavement or subgrade are helpful in understanding the 

temperature gradients through the depth of the slab. 

e. Thermocouples can easily be mounted on wood dowels and 

inserted to the required depth in the slab. They may 

be left in th~ slab after measurements have been 

completed. 

f. LongituQinally, the thermocouples should be inserted 

at intervals of 500 to 1,000 ft. (152.4 to 305 m's') 

to account for changes in climatic conditions during 

the day and to provide for accurate estimation of 

joint formation timing. 
') 

4. Pavement Visual Distress Relationships. 

a. Transverse cracking in shoulders was found where 

shoulder joints were not formed in a timely manner. 
-

b. Minimal longitudinal and corner/diagonal cracking was 

observed on the project two years after construction 

in the outer wheel path locations in areas of subgrade 

wid~ning. Irregularities in the subgrade due to 

construction were identified as the primary cause of 

the cracks. 

5. Maturity Instructional Memorandum Development. 

a. Instructional Memorandum #383, dated Octobe.r 28, 1997 

includes many of the comments and suggestions by those 

using the equipment in the field. 
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b. The recommendations regarding the use of the 

• 
I 

validation tests and the target opening strength time 

temperature factors represent results noted in this 

research and are recommended for future use. 

Project engineers now have more flexibility in the 

development of project construction specifications to meet both 

public traffic demands and long term pavement performance. 

r 
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